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THE PROBABLE MECHANISM OF THE NIGHT SKY LUMINESMCENCE

IN THlE CONTINUJOUS SPECTRUM

S. B. Pikel'ner- and K. K. Chuvayev

0 (Presented by G A. Shain,'Member of" the Academy,
November 28, 1952.)

In 1951 it was shown Ili that the upper strata of the
terrestrial atmosphere are a source not only of monochromatic
radiation but also of' radiation haviing a continuous spectrum.

AAhRecently one of us confirmed thI8. I2i by means of a more perfect
metLd, using several different light filters. The energy dis-

Stribution In this spectrum wea determined from observations, and
in the interval 4720- 5580 1 it was found to have a Blight

Sdependence on the wavelength. It was shown -that the integrated
radiation emitted in this interval varies, on different nights,
f rom 1. 210-8 to 3. 8- 10- erg/caf set, deg' ; that is, it may on
occasion exceed by several times the radiation at X\ p577.

In the preaeint paper, we are po Tnting out~a possie
r.,chanism for the production of this radiation. The ordinary
electron-ion continuous emission (free-free transitions of
electrons in the field c.f ions and recombinations of electrons
with tne ground, level and tcited. levels of ions) is insufficient
here, since the concentration of electrons and ions in the upper
8trats of the atmosphere d-;es not exceed 106, which, with the
comparatively small extent of the atmoaphere, cannot give any
continuouzs spectrum to speakc of.

The abundance of neutral atoms and molecules In the
atmosphere compels us to consider the process wherely negative
ions iay be formed. In this process, quanta must be emitted of
frequency higher than frequency v., corresponding to the ioni-
zation energy of the ion.

Unit volume of a gas containing n. electrons and n r+ 1
Ions (or, as in th)e present case, neutral atoms) radiatea, per
unit solid angle and per second# an energy 131:-
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whiere grand u r+ are statistical weights, T. is the electrou

temperature, and k4 is the coefficient of absorption calculated
per negative ion. Among all the negative 'tons, it is only for
hydroger sodium, mercury, chlorine 4nd oxygen that the quantitieR
n0and k are known J4,1 Since oxygen is one z-f the most abun-

dant elements In thp atmosphere, we ezh.&l calculate .Ite emission.

The height of the layer reiiating the ,ontinuous apectrum,
as recently deteriiined by a rather rough method fiI, is 4.ro
.Ately 460 km. However, the height determination being v'ery
Inexact. this figure means only that the radiation doe8 not pro-
ceed from very low strata. Sinee the emission is most likely
referable to one of the ionospheric layers, it is permissible
to assume that it is generated in the F layer, which at nignt
has a height of about 250 kcm, an electron concentration
ne s 2*105 cm"O and a neutral oxygen atom concentration r;;- 7 1

cm-3 161, provided we take the chemical composition of the atroos-Ophere at that height to be the same as In the tropo~phe', with
the oxygen dissociated and the nitrogen very feebly diasociated.
It is not of great importance to know the degree of nitr 4e~n
dissociatior. The temperature in these layers is approximately
1500-20000 161. The negative ion aconcentratlon Is less tnan the
electron con~centration.

The dissociation energy of the negative oxygen Ion, as
determined by laboratory measurements, cc.rreaponcis approximately
to W~ 5620 according to some findings, but to X 4000 according to
other findings. Bates 151 considers th- first. of these figures
the more probable. The coefficient of absorption kev at some
distance from the limit, as Bates shows by a quantum-mecharvical
calculation, is equal approximately to 2-3iO--is c,,'d, but near
to the limit its trend is not Irnuwn, eliie it depenidd on ithe
unknown parameter of polarizability. It is most likely that k
in,reases from the limit.

5220 alalt the emission from 2. ciaP for. wavelength
520A, wher,4 the polarizability parameter does not so s;trongly

affect the quantity 4v, which we may put ac equal to 3l10-1- cnF.
Using the valutes Indicated above for the remaining paratn.,etera, ye
f ind by means of (1) that hp = 0. 8-10-14 erg/cmO , sec*s te rad Ian A.
..f we consider the effective thickn~ess of the emitting layer to
be 70 kmn, the result we get is that the energy rad .ated p er cryP
per second within an angle of 1 square degree per A Is equal to
1.6,1O-U4 erg, which ip In good agreement with the duta of obser-0 vation. Thus the terrestrial atmospheric emission in the con-,
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1 tl'Sious ,3pectrum may be entirely or partially due to the mechanism
in queati. It is at the present time impossible to carry out a
comparison of the theoretical and observed energy-distributions
in the sp.ctrt... since we do not know the trend of k' at the
limit of te spectrum and the exact position of this lir,K Is
unknown. For tne identification, we need to make observations in
the longef ro,#tave part of the spectrum, before the limit. If the
identification ia correct, we should not find any radiation there.

Now let us estimate how important certain other con-
tinuous spectraxm emission mechanisms might be.

in the overwhelming majority of Ases a continuous
spectrum emission involves a partial conversion into radiation of
the energy of the particles involved. As is well known, heavy
particles, by the lar-s of conservation of energy and momentum,
cannot convert the greater part of their energy into radiation.
Therefore, to radiate a spectrum with the enei-gy varying over a
range higher than 0.4 eV, as in our present case, the requirement
is that the energy of relative motion of the Interacting particlesshould considerably exceed 1 eV. At Te z 1500-2000 c the number
of such particles is comparatively small. Therefore, without
excluding the above possibility, we should rather look for the
souirce of tho emission in .,, interaction of heavy particles with
electrons. As we have already pointed out, the concentration ofpositive ions le. too low to give any noticeable emission. The
concentration of gases uther than oxygen .nd nitrogen is alwayssmall; furthermore, the most abundant of tnem ... the inert gases
... have a very low electron affinity, so that the probability
their capturing an electron Is small, and the radiated energy
would have to bF, in the far infrared region of the spectrum. Thebon.: - nergy of atoac and molecular nitrogen is s1so very small,
which is 'n fac, the explanation of the chemical inertness of
nitrogen. Ac7o'-ing to a calculation of Massey, based on aextrapolation, the bond energy of an electron with a nitrogen
atom is about O.C eV.

To estimate the part played by O and N molecules, we'have to take into account that in the E layer (height about 100 ki)
,t!, '- gas density Is about two orders of magnitude higher than inthe F layer, while the electron concentration at night seems tobe lowe.- by 1 to i' orders of magnitude. If the emisbion were
due to moleclos, then it would be stronger in the E layer, wherethe dissociation mwst be less; the height measurements, however,
point to the F layer, rather than the E layer. We may also conclude
from this that in the E layer the oxygen cannot be strongly
4Ie8ociated, ald .1 must be that the oxygen concentration
in this layer does not exceed the concentration in the F layer
by more than 1 o ii orders of magnitude. When we have moreaccurate data on the elceton concentration in the E layer, we
shall be able to state this conclusion more precisely. We may
aay that there is a whole series of processes which will NOT
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serve as source of the observed radiation. But we must riot
prematurely conclude that the mechanism which we have examined
is the only mechanism; there may indeed exist others, at:l
tinknown to us. Their existence does not deny the emission
retalting from the formation of negative oxygen ions, which
•Uat oosititute part of the night sky continuous spectrum.

With the aid of equation (1) it is easy to calculate
that about 50 negative oxygen Ions are formed per cm3 per second.
If these ions were to maintain themselves throughout the night,
then in 1 or 2 hour's time the electron concentration would
strongly decrease and the radiationwould be extin;uishcd.

Since n. does not fall off rapidly during the nigh it

is necessary to suppose that there exists a reverse mechanism
which destroys the negative ions. Collisions with electrons are
insufficient for this, as may easily be shown by calculation.
The mechanism might be some photochemical reaction, or collisions
with excited atoms. In particular, if it turns out that the
energy of dissociation of the negative oxygen ion is smaller

by 0.1-0.2 eV than what is at present accepted, then collision&
with excited O-atoms in the 'D2 state, the initial state for
emission of the red lities X 6300 and X 6364, will be highly
effective. The effective cross section for this process at
energies near the dissociation value is very large ... of the
order of 10-1 to 10-' cm'. If we take it that the X 6300 and
6364 emissions originate in this same F layer, then the con-

centration of excited oxygen atomc, as determined by the "Drght-
ness of these lines, is n2 w 104.

The number of collisions of these atoms with negative
ions, leading to destruction of the latter, is approximately equal
to

n2niV 10 10 2 0 510- 1 3 s2u0 cm- 3 sec - I ,

assuming that the concentration of negati ions is a 10r,

(somewhat less than the electron concentration), and the relative
velocity of the ates v j 2 kn/seco We see that a.e rate of
destruction of the negative ions in this case is close to the
rate of their formation. There may occur other processes
leading to the destruction of the negative ions, but they are of
a character not important for the mechanism which we are here
con idering.
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